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 In spite of two hundred years of considerable efforts directed towards 
improvement in the experimental techniques, gravitational measurements have provided 
unsettled results for Newton’s gravitational constant G. Analysis of the published (over 
~75 years) small-scale gravitational measurements, presented in this report, unveils a 
large secular increase in the gravitational force that reveals itself as a formal increase in 
the Newton’s constant G at a rate G  = (1.43 ± 0.08) × 10G/& -5 year-1. Since its 
interpretation as a true ‘G dot per G’ effect is excluded by laser and radar ranging to the 
Moon and the interior planets as well as by double-pulsar studies, which all put tight 
limits on any variation in G, this large secular effect appears to originate in a temporal 
increase of gravitational masses due to, e.g., capture of mass from a hypothetical cold 
dark matter halo of the Sun. By virtue of the equivalence principle, the secular mass 
increase leads naturally to modifications of the Newtonian dynamics in the Solar 
System, as it predicts a cosmic deceleration of moving bodies dependent upon their 
speed. In particular, it predicts for the Pioneer 10/11 spacecraft an anomalous, nearly 
constant acceleration of (−11.0 ± 1.8) × 10-10 m s-2, in agreement with the published 
experimental value of (−8.7 ± 0.9) × 10-10 m s-2. Dynamical effects of this kind have 
been also detected in the motion of other spacecraft and artificial satellites, but not in 
the motion of large and/or old objects in the Solar System, such as the planets and their 
natural satellites. 
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I. INTRODUCTION 
 Newton’s inverse square law, F = Gm1m2/r2 – a cornerstone of classical 
gravitation –, giving the attraction force between two masses m1 and m2 set a distance r 
apart, stands isolated in the larger edifice of physics. Its situation is essentially reflected 
by the absence of any experimentally verified equation relating the gravitational 
constant G to other fundamental physical constants. This is so partly because large 
uncertainties in the determination of G [1, 2], unparalleled by those of any other 
physical constant, preclude an accurate check of any potentially correct theory. At 
times, such uncertainties made room for interpretations that spurred searches for new 
physics, or cast doubts [3, 4], which now appear as unfounded though [5, 6], on the 
validity of Newton’s inverse square law at terrestrial scales or on Einstein’s equivalence 
principle. To help explain a plethora of otherwise poorly understood phenomena, 
particularly at astronomical scales [7], suggestions have been made for modifications of 
gravity at low accelerations [8] and/or large distances [9]. A majority’s view, however, 
is that our accounting of the matter in the universe is incomplete [10] and that, if given 
the right input (i.e., including all forms of matter, luminous as well as dark), the 
classical (and Einsteinian) gravity theory should be able to produce the right results. 
Recently [11], a new phenomenon has been discovered that adds to the constellation of 
gravity’s enigmas: an anomalous radial deceleration experienced by the Pioneer 10/11 
spacecraft, which is at odds with the results of radio and laser ranging to the inner 
planets and the moon, and has received no satisfactory explanation to date [12, 13]. 
 In the quest for the true value of the gravitational constant and for the all-
encompassing theory of gravity, a route seems to have been insufficiently explored: the 
possibility that the infamous instability of Newton’s G constant may in fact be not 
purely random, but it may, at least in part, arise from some systematic variation of the 
gravitational force, which, if unaccounted for, may be erroneously interpreted as a 
change in G. In this report, an analysis of modern-times literature data on G is 
presented, from which a rate of variation for the gravitational force is extracted that 
formally appears as a large ‘G dot per G’ effect. The effect is significant and requires 
proper interpretation. A conceptual model is therefore proposed that allows for such a 
dramatic effect to occur while not contradicting the traditional gravity tests and the tight 
limits they put on any variation in G [5, 14-16]. Then, important modifications induced 
by this secular effect upon Newtonian dynamics are worked out in detail, and their 
predictions are compared to available experimental data [12], and placed in a wider 
context of observational physics at astronomical scales [17]. 
II. DATA SELECTION AND ANALYSIS 
 Available G data from the twentieth century small-scale experiments carrying 
errors of 0.2% or less (which amounts to rounding up the third digit by ± 1 unit) were 
used as primary data source for this analysis. This error criterion was rather “esthetical” 
because those data carrying large standard errors would be anyway weighted out in the 
fitting process. Much of the initial guidance to early papers was offered by the 
invaluable reviewing work of G.T. Gillies [18, 19] and by the useful discussions in the 
papers of Cohen and Taylor [20] and Long [4]. Sustained effort has been directed 
towards gaining access to most of the original papers, or to other citing papers that gave 
more detailed account of a particular work. I have also conducted my own searches to 
identify new results, particularly those that have been published after Gillies’ reviews. 
Overall, there has been published an impressive number of papers on the determination 
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of the gravitational constant, including those dealing with technical issues. However, 
not all of the investigated reports did eventually contribute a G value to the analysis in 
this paper, either because of not complying with our imposed accuracy limit of 0.2% or 
because, in some cases, results of the same experiments were reported in several places 
as the data analysis progressed. A number of papers have only signaled systematics that 
went previously undetected in a particular experiment, or just gave more precise 
indication on the date at which an experiment was carried out. Also removed from this 
analysis were the results from marine and geophysical surveys, and mine measurements, 
mostly because they are more prone to large systematic errors, due to limited 
knowledge of densities, borders, etc., and partly because I believe it was important to 
keep with relatively small size scale. However, this exclusion only sacrificed a few very 
good papers based on geophysical measurements [21]. 
 Error assignment was done as follows. For a vast majority of the literature G 
values, the errors were obtained from the reported statistical and evaluated systematic 
errors combined in quadrature. Where the outcomes of series of experiments were all 
reported in a single paper together with their date of measurement (notably, a paper by 
Karagioz and Izmailov  [22]), in order to avoid an overweighting of the present results 
by the data from a single research group, I have calculated an annual mean and the 
standard deviation, the latter being added quadratically to the reported systematic error. 
From all of the papers analyzed I have obtained a total of 40 values for G, collected in 
Table I, which met the requirements mentioned above. 
 The dates at which the experiments were carried out and their corresponding 
uncertainties were based on information furnished by the authors (for 21 data sets) or, if 
such information was lacking, the dates were computed as follows: Where a paper was 
directly available, but no precise time-related information was provided (9 data sets), 
the time ± its uncertainty were taken as [(received date – 0.5) ± 0.5] year. For results 
published in less popular journals as well as for older reports that were not directly 
available to me and for which no time-related information was provided by the citing 
article (7 cases), the time ± error were computed as [(publication date – 1) ± 1] year. 
For three other older experiments, summarized by the rows 1, 2 and 4 of Table I, 
comprehensive information was available from the citing paper. 
 As seen from Table I, there is a wealth of data concentrated over the past 
decade. Most of these many researches have been apparently stimulated by some 
contradicting results published in the first half of the nineteen nineties, and especially 
by the surprisingly high G value [(6.71540 ± 0.000083) × 10-11 m3 kg-1 s-2] reported by 
Michaelis et al in 1995 [23] (see also Refs. [1, 19] for comparison and discussions). The 
analysis in the present work does not include Michaelis’ value, which evidently falls far 
outside the bulk of the data in Table I. Support for this exclusion comes also from a 
recent paper by Quinn et al [24] unveiling important source of errors that may have 
affected Michaelis et al’s work. 
 The remaining 39 data sets in Table I were fitted, by using a weighted least-
squares algorithm, to the linear function: 
(
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where t is the date of measurements (in calendar years) and  is predicted G value at 
t
thG0
0 = 1927. The best-fit parameter values were G  = (6.6671 ± 0.0005) × 10th0 -11  
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m3 kg-1 s-2 and = (1.47 ± 0.12) × 10GG /& -5 year-1, the errors being from covariant 
matrices associated with the least-square analysis. (Note that the indices were dropped 
from the second parameter, for simplicity.) The normalized chi-square (χ2/df, where df is 
the number of degrees of freedom) associated with the fit was 2.74, which indicated that 
either the linear increase was not a suitable model for the data in Table I or that there 
still are outliers among the data. Analysis of the normalized residuals (i.e., the deviation 
of the data points from the best-fit line, expressed in units of the assumed experimental 
error) supported the second possibility as it unveiled three clear outliers: the data from 
rows 8 (obtained by Sagitov et al) and 40 (by Quinn et al) of Table I, which were 3 and 
4.7 standard errors, respectively, above the best-fit line, and the value from row 33 (by 
Luo et al) whose normalized residual was -5.8. 
 Having these three additional values removed, the fitting was carried out again 
and the χ2/df has dramatically improved to become 1.013. This gave a probability P of 
45 % that a value of χ2/df larger than the one just obtained can occur by chance, which 
was much larger than the 5 % value usually taken as the threshold under which a 
theoretical model is not supported by the data. Put in other words, the near-unity value 
of the normalized chi-square indicated that the difference between the best-fit line and 
each individual data point was in this case much smaller than the assigned experimental 
uncertainties, which validated the choice of Eq. (1) as a model for the variation of 
gravitational data. 
 The fitting results for the last case were plotted together with the experimental 
data in Fig. 1. The best-fit parameters were G  = (6.6672 ± 0.0003) × 10th0 -11 m3 kg-1 s-2 
and G = (1.43 ± 0.08) × 10G/& -5 year-1, which did not differ significantly from those 
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FIG. 1. Newton’s gravitational constant G vs. time. Symbols represent the data from Table I, 
while the solid lines are best fits by Eq. (1). Inset, expanded plot for the last 30 years only. 
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obtained with only one G value excluded. This suggested that the excluded G values 
were in overall agreement with the bulk of the data and that only their assigned 
experimental errors have been probably too optimistically evaluated. There is a small 
possibility though that the position of those points on the plot could have indeed 
reflected some real details in the temporal evolution of the gravitational force. 
 The above analysis apparently indicated a very large secular increase in the 
gravitational force which, however, may not be interpreted as a true  effect, as it 
would exceed by five to seven orders of magnitude the limits on G  inferred from 
planet and satellite ranging [15] and from studies of the binary pulsars [5, 16, 25]. If, on 
the other hand, this large systematic increase were a “mere” artefact, its isolation would 
be a difficult though necessary task to be undertaken by gravitation experimentalists. 
GG /&
G/&
 There only remains for us here to explore the possibility that, while not actually 
reflecting a true increase in G, the observed secular increase in the gravitational force is 
the expression of some real physical phenomenon whose existence should not 
contradict a large body of knowledge, and which should also have other testable 
consequences. 
III. WAY OUT OF THE DILEMMA 
 Of the several possibilities of re-interpreting the observed increase in the 
gravitational force, a most productive one would be, as we shall see, to assume a secular 
increase of the masses involved in Newton’s gravity law. The idea of mass and/or 
gravitational constant variation has been a recurring subject in physics, particularly 
since the proposal of the Dirac’s large number hypothesis [26]. However, no theory so 
far has conceived such large variations in any of its parameters, as we have to consider 
here. Therefore, checking out how a large secular mass increase would affect various 
branches of science would be a very serious enterprise for anyone to undertake. Within 
the inherent size and scope constraints of this paper, however, I shall assume the more 
modest duty to envisage a scenario that leads to a parametric formula for the secular 
mass increase, whose rate (i.e., the model parameter) can be inferred from fitting the 
Newton’s law to the gravitational data above, and whose validation is subsequently 
done by checking some of its implications for the dynamics of ponderable bodies 
against available experimental data. 
 As some people have already discussed in the wider context of dark matter in 
galaxies [7], our Sun may present a (spherical) halo of cold dark matter – constituted of 
e.g. heavy neutrinos – which could extend out to several light years [27, 28], and would 
make the Sun to behave as an extended particle. Experimental observations put limits of 
the order of 10-6 solar masses on the amount of dark matter contained within the orbits 
of outer planets [28, 29]. Inspired by such ideas, I developed a conceptual model based 
on the following postulates: 
 (1) The Sun carries with it a halo of (cold) dark matter extending with slowly 
decreasing (i.e., nearly constant) density to light years away from the Sun. 
 (2) An object moving through a cold dark matter halo captures, through impact 
with halo particles, small amounts of matter in direct proportion to its own mass and the 
distance dx traveled. 
 Based on these postulates, one can derive a formula for the secular mass 
increase of (extended) objects traveling through the Sun halo. To simplify maters and 
help emphasize the non-relativistic, yet, non-Newtonian character of the present 
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phenomena, retardation effects due to noninstantaneous field propagation are ignored 
throughout this paper. A more general treatment will be attempted elsewhere. 
 According to the postulate 2, the amount of captured mass dm is given by: 
tmvxmm ddd λλ == ,         (2) 
where v (= |v|) is body speed relative to background halo, and λ is a proportionality 
factor that we shall take as constant to simplify matters. Upon integrating the mass 
equation with respect to time, one obtains: 
∫= vdtetmtm λ)()( 0 .         (3) 
In terms of the mean speed vm over the time interval ∆t, Eq. (3) reads: 
tvmetmtm ∆= λ)()( 0 .         (4) 
 Obviously, any object on the Earth surface moves together with it through the 
Sun’s halo, and according to Eq. (4) it should experience a secular mass increase at a 
rate proportional to the Earth speed. Thus, if one tries to measure the gravitational 
attraction between two small objects placed on the Earth, one will detect a temporal 
variation in the gravitational attraction between the two bodies following the secular 
mass increase. According to Eq. (4), the force increase is given by a factor  
(“2” comes from the two masses) that reduces to 1  in the limit of short time 
intervals (~10
tvme ∆λ2
tvm ∆+  2λ
&
3 years). If this is taken as the real cause for the apparent variation of G, 
and using the above value of  (1.43 ± 0.08) × 10-5 year-1 for G  and a mean speed of 
29.8 ± 1.0 km/s for objects resting on the Earth surface (the error takes into account 
both the orbital and the rotational speed of the Earth), a value of (7.61 ± 0.67) × 10
G/
-18  
m-1 is obtained for the constant λ. It is this short time limit value that will be considered 
in the discussions hereafter, because the time span of the available gravitational data is 
rather limited. 
 Another possible limitation of the model comes from its constant λ being 
calibrated against data from small-scale gravitational experiments, as mentioned above. 
Therefore, some or all of the model predictions may not be expected to directly apply to 
the behavior of very large bodies, such as planets and their natural satellites. A 
discussion on the case of planetary-size objects is made at the end of section IV. 
IV. SOME CONSEQUENCES OF THE SECULAR MASS EFFECT 
A. Principles of dynamics revisited 
 By virtue of the principle of equivalence between gravitational and inertial 
masses that should apply not only to ordinary matter but also to dark matter [30], the 
most readily predictable consequence of the secular increase in the gravitational mass is 
a modification of classical mechanics principles. 
 A force F acting on a body induces temporal changes in the body’s momentum 
mv; the latter may in turn be used as the definition of force. With the aid of Eq. (2) one 
may get, in usual notations: 
vvvF vmm
t
m λ+== &
d
) d( .        (5) 
This equation differs from Newton’s second law due to the time dependence of the 
mass. 
 If no external force, in the classical sense, acts upon the moving object, the 
motion equation becomes: 
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vv vλ−=&           (6) 
which implies that “freely” moving bodies undergo a cosmic deceleration so that, in the 
limit of short time intervals, their speed varies as: 
ttvtvv ∆−≅ )()( 020 λ . 
This is in stark contrast with Newton’s first law that asserts that moving bodies should 
maintain indefinitely their uniform motion in the absence of external forces. 
 A similarity between this “cosmic” deceleration, and the anomalous acceleration 
experienced by the Pioneer 10/11 spacecraft [11, 12] catches our attention. However, 
the Pioneer problem also involves the solar gravitation, and we will discuss it not until 
laying down the equation of motion in gravitational field in the next sub-section. 
 Unlike the first two principles, Newton’s third law, maintaining that the actions 
of two bodies upon each other are equal and directed oppositely, is left unchanged 
within the framework of this paper. 
B. Dynamics of gravitating bodies 
 The secular mass increase may in general result in a modification of the equation 
of motion for gravitating bodies. To illustrate, consider the simpler but convenient 
problem of a small body of mass m orbiting a central body (e.g., the Sun) of mass M >> 
m at a distance r in the body M’s proper frame. To calculate the force of attraction 
between the two bodies, we first write down the expression of the gravitational potential 
at a distance r from the Sun within the halo: 


 −+−=Φ 22
3
12 HH rrGr
GM ρπ  
where the second term represents the potential within a spherically symmetrical 
distribution of mass of radius rH [7] and approximately constant density ρΗ. Because of 
this term, a small (negative) contribution is added to the Newtonian and general 
relativistic perihelion shift per century, as expressed by [27]: 
( )
T
e
M
aH 10014
212
32
⋅−−= ρπδω ,       (7) 
where a is the semi-major axis, e is eccentricity of the unperturbed Keplerian orbit, and 
T is the unperturbed period expressed in years. In the case of the Icarus asteroid, whose 
orbital characteristics are used on occasions to test predictions of gravitation theories, 
this additional contribution to the perihelion precession, calculated from ρΗ ≤ 1 × 10-14 
kg m-3 (as obtained from the upper limit for the dark matter mass within Uranus’ orbit 
[29]), M = 1.99 × 1030 kg, a = 1.08 a.u., e = 0.827, and T = 1.12 y, is δω ≥ - 0.009´´ per 
century – which is clearly undetectable at the present (the lower limit is - 1.3´´ per 
century for Icarus). Therefore, the second term in Eq. (7) makes no significant 
contribution to the perihelion precession of objects in the Solar System. 
 Let us next define the gravitational force experienced by the small body as: 


 

 −−∇= 22
3
12 HHG rrr
MmG πρF .  
If ρΗ varies in time due to capture of dark matter by the small body it has also a nonzero 
space gradient [31]. However this contribution to the total force can be safely ignored 
for nonrelativistic velocities. Besides, it is very likely that the halo regions beyond the 
small body orbit could readily redistribute to compensate the density decrease. In any 
event, we can get, to a good approximation, the following equation for the gravitational 
force: 
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It has been shown above that the dark matter halo makes no presently detectable 
contribution to the perihelion shift of Icarus. Obviously, the second term in Eq. (8) too 
should vanish for any object whose orbit is interior to Uranus orbit, since the upper limit 
for the density ρH has been determined [29] by using precisely this assumption that any 
perturbation is smaller than the detection limit. Nevertheless, we cannot discard that 
term right away, because the next sub-section deals with the dynamics of objects – the 
Pioneer 10/11 spacecraft – that are presently located far beyond all known planets of 
our Solar System, and it is not apparent that the halo-related term vanishes in their case. 
By combining Eqs. (5) and (8) one gets the equation of motion of the small 
body, 
0
3
4
3 =+++ rrrr HGr
GMv ρπλ &&& ,       (9) 
which departs markedly from the classical Kepler problem, mostly due to the viscous-
drag-like term . I will discuss the implications of this term for the dynamics of 
small bodies in the next two subsections. To anticipate, however, it can be mentioned 
here that unlike the halo-related term in the gravitational potential, λ  produces no net 
perihelion shift over one complete revolution of a test body moving in a bound orbit 
[see Eq. (14) below]. 
r&vλ
r&v
 The radial component of Eq. (9) is: ( ) 0
3
4
2
221222 =++−++ rG
r
GMrrrrr Hρπθθλ &&&&&& .     (10) 
while the angular one is: ( ) 021222 =++ lrrl θλ &&&         (11) 
where l  is the specific angular momentum. The latter equation states that the 
angular momentum is dissipated at a rate dependent on velocity, which may cause a test 
body to fall towards the Sun. This effect will be discussed in Section IV. D. 
θ&2r=
C. Radial motion and the “Pioneer” effect 
 Analysis of radio Doppler and ranging data from distant spacecraft (Pioneer 
10/11) departing the solar system, elegantly done by Anderson and coworkers and 
reported in recent papers [11, 12], seems to support our inferred “cosmic” deceleration 
of moving bodies. Indeed, the two Pioneer spacecraft underwent an anomalous constant 
(over a period of ~10 years) radial deceleration with respect to the Sun, which could not 
be unequivocally explained [12, 13], either “prosaically” (i.e., by technological 
imperfections of the space travel and by known physics) or by various new as well as 
old theories. 
 Equation (10) provides an explanation: The Pioneers moving on hyperbolic 
orbits generate large radial speed components r  of 12.0 ± 0.3 km/s, but negligible 
circular speeds  (see Fig. 2). Thus, a radial acceleration, 
&
θ&r
2
2
3
4
r
GMrGrr H −−−= ρπλ &&& ,       (12) 
is predicted, which departs from the classical mechanics’ situation mainly by an 
‘anomalous’ term λ . The absolute value of the second term in Eq. (12) is smaller 
than 0.3 × 10
r&v
-10 m s-2 for a distance r = 70 a.u. that corresponds to the farthest position 
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of the Pioneer 10 spacecraft in the Anderson et al study [12]. In fact, most of the time 
this term would have been even smaller, due to its dependence on distance. 
Furthermore, it is quite possible that the dark matter density in the Sun’s halo is orders 
of magnitude lower than the upper limit determined from planetary dynamics, and 
comparable to the mean galactic density for nonluminous matter. In any case, the value 
obtained for the second term is small enough for it to remain unnoticed in the Pioneer 
spacecraft dynamics (see below); I will only add it to the acceleration assigned 
uncertainty. The Pioneer spacecraft anomalous acceleration is thus represented to a very 
good approximation by the equation: 
2rrP &&& λ−≅ ,          (13) 
which, by taking λ = (7.61 ± 0.67) × 10-18 m-1 determined in section III, gives (−11.0 ± 
1.5) × 10-10 m s-2 for the Pioneer residual acceleration. The final value obtained by 
considering a supplementary error of 0.3 × 10-10 m s-2 due to neglect of the third term in 
the right-hand side of Eq. (12) is (−11.0 ± 1.8) × 10-10 m s-2. Clearly, this value 
compares well with the experimental one of (−8.7 ± 0.9) × 10-10 m/s2, considering that 
neither the “Pioneer” experiment nor those forming the basis of this paper were 
specifically designed to detect such effects. Anomalous accelerations of the same order 
of magnitude have been also inferred from the motion of Galileo and Ulysses spacecraft 
[12], but in these two cases the effect could not be well separated from solar radiation 
pressure effects. 
 It is useful to note that the above calculations were based on the assumption of 
constant density of the halo dark matter, which implies that the halo mass varies as r3. 
The possibility that the mass follows a higher power of r, that is ρH increases with the 
distance from Sun, is highly unlikely. On the other hand, for a mass dependency on 
distance of the type r2 the gravitational force of the Sun’s halo would produce a 
constant acceleration upon any test body in the solar system, which would be 
inconsistent with astrometrical data [12]. It thus follows that a nearly constant ρH is a 
most reasonable choice for the dark matter distribution in the Sun’s “neighborhood”, as 
it explains both the value and the constancy of the Pioneer anomalous acceleration. 
 To conclude this sub-section, it has to be added that the experimental value for 
the Pioneer 10/11 anomalous acceleration has been calculated [12] as a mean for the 
two spacecraft, while the present paper proposes that it depends on the spacecraft radial 
velocity. However, the odds were that the two Pioneers recede in space at almost equal 
speeds, and their small difference has been therefore included only in the form of speed 
error in our calculation of the anomalous acceleration. Detailed analysis should be 
carried out for each spacecraft tracking data separately to better probe their degree of 
agreement with the predictions of this paper. 
D. Bound orbits and the stability of the Solar System 
 Upon inspection of Eqs. (10) and (11) one can conclude that the secular mass 
increase leads to time dependent deviations of the orbital parameters from those 
corresponding to Keplerian orbits. Such variations can be evaluated by noticing the 
formal equivalence between our problem and the classical theory for the perturbation of 
atmospheric drag, F  [the constant k equals 2λ in this work – see Eq. (9)], 
upon the orbits of Earth satellites [32]. That theory typically provides expressions for 
the variation of orbital parameters, such as the argument of the pericenter ω, semi-major 
axis a, and eccentricity e, in terms of integrals over one revolution of some functions of 
the eccentric anomaly E. Accordingly, one gets 
r&kvm −=/
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for the perihelion precession, 
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for the decay of the semi-major axis, and 
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for the eccentricity decay. 
Due to the presence of the sin (E) under the integral, Eq. (14) gives δω = 0, 
which proves the statement made in the preceding sub-section that the second term in 
Eq. (9) does no lead to secular perihelion precession. 
 In the case of small eccentricities of the unperturbed orbit, Eqs. (15) and (16) 
can be approximated (up to terms of the second order in e) as: 
222 34 eaaa πλπλδ −−≅ ,        (17) 
and: 
)1(2 2eaee −−= πλδ ,         (18) 
respectively. For an object whose unperturbed orbital parameters are the same as those 
of the Earth, i.e., a = 1.5 × 1011 m and e = 0.017, Eq. (17) gives δa = – 2200 km/rev, 
while Eq. (18) leads to δe = – 1.2 × 10-7 rev-1. Such large variations in the semi-major 
axis have never been observed experimentally for planetary objects. However, 
significant orbit alterations of non-gravitational origin have been detected for high 
altitude Earth artificial satellites (e.g., for LAGEOS [33]), though the data available to 
me permitted only a qualitative evaluation of their agreement with the model proposed 
here. 
 In summarizing all the evidence discussed in this paper on the possible existence 
of a secular mass effect, we are facing the following contrast: both, static (i.e., G 
measurements between bodies at relative rest) and dynamical measurements (i.e., 
spacecraft and artificial satellite tracking) suggested that small objects moving in the 
Sun neighborhood undergo appreciable secular mass increase – a process that has little 
influence upon the motion of the planets and their natural satellites in order for them to 
present stable orbits. This calls into question the universality and/or constancy of the 
parameter λ of the present model, which may be negligibly small for planets. 
Alternatively, one could accept that λ is indeed a universal parameter, but that a second 
process of mass loss (by, e.g., dissipation of internal energy through radiation, or by 
other mechanism [50]) could intervene to counterbalance the mass increase, in the case 
of large and/or old objects. For a clear understanding of what the second mechanism 
might be, one needs to be more specific with regard to the nature of the interaction 
between dark and baryonic matter and, ultimately, to the nature of the dark matter itself, 
which is yet another unsolved problem of contemporary physics. 
V. CONCLUSION 
 My analysis above of the published small-scale gravitational measurements has 
revealed a surprisingly large secular variation in the gravitational force that, due to the 
nature of the determinations, appeared formally as a variation in the Newton’s 
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gravitational constant G with time. When reinterpreted as a mass increase of the form 
vmm λ=&  (with λ = constant), caused by impact of the attracting test bodies with the 
cold dark matter halo of the Sun, this phenomenon predicted substantial deviations from 
Newtonian dynamics in the solar system, and particularly a cosmic acceleration that for 
the Pioneer 10/11 spacecraft agrees closely with the published experimental value [12]. 
(Note that a true secular increase in G at the observed rate, besides contradicting a host 
of other experiments – see above –, would explain neither the value of the Pioneer 
acceleration, nor its patent constancy.) For bodies moving on closed orbits, this secular 
mass effect leads to alteration of their orbital parameters, such as semi-major axis and 
eccentricity, which is at least qualitatively confirmed by the temporal evolution of the 
orbits of Earth artificial satellites [33]. By contrast, the effect seems to be negligible for 
large bodies such as planets and large natural satellites, and this raises the necessity for 
further studies. 
 In my search for the best model for the secular mass increase, I have also 
explored the possibility that constantm =&m , which would be compatible with a hot 
dark matter scenario, under which even resting bodies may undergo secular mass 
increase, due this time to rapidly moving dark matter particles impacting the body. I 
have finally inclined in favor of the cold dark matter scenario since the hot dark matter 
hypothesis produced a Pioneer acceleration too large by a factor of three compared to 
the value determined from orbit measurements [12]. However, in the absence of a 
definitive proof, whether one or the other scenario is correct remains an open question. 
 It is worth noting that straightforward computations based on known expressions 
for the gravitational light deflection, redshift, time dilation, and the Shapiro light time 
delay [5] (taking M as time dependent and assuming that those formulas are exact to the 
first order in time) show secular variation in these effects that would be beyond the 
detection limit of any presently known method. 
 As far as I can see, there are some possibilities for the secular effect discussed in 
this paper to be independently confirmed. The first hope is that the rate of variation in 
the gravitational attraction of about 10-5 year-1 obtained in this work should shortly 
come within the reach of the, e.g., Gundlach et al’s apparatus sensitivity [34]. Secondly, 
detailed analysis should be carried out for the known residuals in the motion of small 
objects orbiting the Earth or the Sun, which have not been fully explained by 
conventional physics. The latter method could be more specific, as it might be able to 
discriminate between m and G variations. A variation in G is already very improbable 
but, for the meticulous experimentalist, a direct proof could make a difference. 
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TABLE I. Summary of Newton’s constant data published over the past ~75 years. 
Data Set No. Author(s) Date (year) G (×10-11 m3 kg-1 s-2) Reference 
 1 Heyl 1927 ± 2 6.6721 ± 0.0073 [20] 
 2 Heyl & Chrzanowski 1940.5 ± 0.5 6.6720 ± 0.0049 [20] 
 3 Rose et al 1969.2 ± 0.5 6.674 ± 0.003 [20, 35] 
 4 Pontikis 1971.4 ± 0.1 6.67145 ± 0.0001 [20] 
 5 Renner 1973 ± 1 6.670 ±0.008 [19] 
 6 Karagioz et al 1975 ± 1 6.668 ± 0.002 [19] 
 7 Luther et al 1975 ± 1 6.6699 ± 0.0014 [19] 
 8 Sagitov et al 1978 ± 1 6.6745 ± 0.0008 [19] 
 9 Luther & Towler 1981.5 ± 0.5 6.6726 ± 0.0005 [36] 
10 Karagioz et al 1985.7 ± 0.3 6.6730 ± 0.0005 [22] 
11 Dousse & Rheme 1986 ± 1 6.6722 ± 0.0051 [19] 
12 de Boer et al 1986 ± 1 6.667 ± 0.005 [19] 
13 Karagioz et al 1986.3 ± 0.1 6.6730 ± 0.0003  [22] 
14 Karagioz et al 1987.5 ± 0.5 6.6730 ± 0.0005 [22] 
15 Karagioz et al 1988.7 ± 0.1 6.6728 ± 0.0003 [22] 
16 Karagioz et al 1989.4 ± 0.1 6.6729 ± 0.0002 [22] 
17 Karagioz et al 1990.9 ± 0.1 6.67300 ± 0.00009 [22] 
18 Schurr et al 1991 ± 1 6.6613 ± 0.0093 [19] 
19 Hubler et al 1992.5 ± 0.4 6.6737 ± 0.0051 [37, 38] 
20 Izmailov et al 1992.6 ± 0.4 6.6771 ± 0.0004 [39] 
21 Michaelis et al 1993.2 ± 0.3 6.71540 ± 0.00008 [23] 
22 Hubler et al 1993.5 ± 0.4 6.6698 ± 0.0013 [37, 38] 
23 Karagioz et al 1993.6 ± 0.3 6.6729 ± 0.0002 [22] 
24 Walesch et al 1994.0 ± 0.5 6.6719 ± 0.0008 [40] 
25 Fitzgerald & Armstrong 1994.0 ± 0.5 6.6746 ± 0.001 [41, 42] 
26 Hubler et al 1994.3 ± 0.1 6.6607 ± 0.0032 [37] 
27 Hubler et al 1994.5 ± 0.2 6.6779 ± 0.0063 [37] 
28 Karagioz et al 1994.8 ± 0.2 6.67285 ± 0.00008 [22] 
29 Karagioz et al 1995.5 ± 0.3 6.6729 ± 0.0002 [22] 
30 Bagley & Luther 1996.5 ± 0.5 6.6740 ± 0007 [43] 
31 Schwarz et al 1997.5 ± 0.1 6.686 ± 0.009 [44] 
32 Schurr, Nolting et al 1997.5 ± 0.5 6.6754 ± 0.0014 [45, 46] 
33 Luo et al 1997.8 ± 0.1 6.6699 ± 0.0007 [47] 
34 Schurr, Nolting et al 1998.3 ± 0.3 6.6749 ± 0.0014 [45] 
35 Schwarz et al 1998.5 ± 0.1 6.689 ± 0.012 [44] 
36 Kleinevoss et al 1998.5 ± 0.1 6.6735 ± 0.0004 [48] 
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TABLE I. (Continued.) 
Data Set No. Author(s) Date (year) G (×10-11 m3 kg-1 s-2) Reference 
37 Richman et al 1998.5 ± 0.5 6.683 ± 0.011 [49] 
38 Fitzgerald & Armstrong 1998.7 ± 0.5 6.6742 ± 0.0007 [41] 
39 Gundlach & Merkowitz 1999.9 ± 0.5 6.67422 ± 0.00009 [34] 
40 Quinn et al 2000.8 ± 0.5 6.67559 ± 0.00027 [24] 
 
 
